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ABSTRACT 


Current numerical barotropic and baroclinic forecasting models have 
shown an inability to correctly represent the behavior of the planetary- 
Scale waves. A mathematical model, based on the thermodynamic energy 
equation, has been proposed by Wiin-Nielsen as a means of predicting the 
behavior of the planetary-scale waves. The model is programmed for the 
Control Data Corporation 1604 digital computer to utilize the operational 
output of machine-processed data and analyses produced by the U. S. Navy 
Fleet Numerical Weather Facility (FNWF), Monterey, California. The 
present form of the program yields a l-hr planetary-scale forecast at 
1000 mb, 850 mb, 700 mb, 500 mb and 300 mb in ten minutes. 
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Le Introduction. 

Current numerical barotropic and baroclinic forecasts of the height 
of the 500-mb surface show an inability to correctly represent the 
behavior of planetary-scale waves. Early models caused these long waves 
to retrogress at speeds approaching the Rossby speed. This phenomenon 
is not observed in the atmosphere and much work has been done in an 
effort to correct this difficulty. Wolff [7] has shown that forecasts 
by the non-divergent barotropic model are more nearly correct if the 
planetary-scale waves are held stationary. Another approach to correct 
this defect has been to introduce a Helmholtz term into the vorticity 
equation. This is equivalent to adding a small amount of divergence. 
Wiin-Nielsen [5] pointed out that an analysis of baroclinic instability 
and phase speeds of waves in a baroclinic atmosphere leads to the con- 
clusion that the phase speed for large wave lengths approaches the 
Rossby speed in a non-divergent atmosphere. 

Burger [1] has shown, from scale considerations, that the vorticity 
equation loses its prognostic value and assumes a quasi-stationary 
character for waves whose lengths are of the same order of magnitude as 
the radius of the earth. Adopting this as a working hypothesis, and 
defining waves of this magnitude as planetary-scale waves, Wiin-Nielsen 
[6] developed a prediction model for the planetary-scale waves. 

This investigation is an attempt to provide a means of correctly 


predicting the planetary-scale motion based on the Wiin-Nielsen model. 





Dee The Model. 

The vorticity equation for large-scale atmospheric flow in isobaric 
coordinates is 
FV yn: = -1V-YV- (R¥-SY) 
Ot “Op a DP x Dple (1) 
Burger [1] showed that this equation may be greatly simplified by order- 
of-magnitude considerations when applied to the planetary scale. 


Equation (1), after Burger, reduces to the stationary form 


/bv -SV-V=0. (2) 


Wiin-Nielsen [6] demonstrated that equation (2) leads to instability on 
all scales, with large amplification rates for the smaller scale motions 
which may be present. The shorter waves were stabilized by adding the 


advection of relative vorticity into equation (2), leading to 


VVN +§\.V-V =O 
or (3) 
VY V4 3 Fen 22 3 
The coriolis parameter in equation (2) is modified to “ in equation (3) 
to avoid mean-vorticity generation at any level. The inclusion of rela- 
tive vorticity leads to the delineation of a region of instability. In 
the meteorological range of vertical wind shear and wave length, the 
shortest e-folding time is of the order of 5 days. The e-folding time 
is the time required for the amplitude to increase by a factor of @ 


AMC t 
Since the amplification rate is given by @, & , the e-folding time 


t, = Late. 


su) 


is simply 





The thermodynamic energy equation is derived in a straightforward 
manner from the first law of thermodynamics, applied to adiabatic flow, 


Bt 2 (#)+ +\- Y An dt RCS y - WY exe - 


This equation may be transformed to equation (5) by approximating x 


by finite differences. 


‘V-Vh- FS + 0 e 


where R (aT Sot 6 


To apply equations (3) and (5), the atmosphere is divided into 
9 layers by isobaric levels numbered 0 to 9, where the levels 0 and 9 


correspond to 200 mb and 1000 mb, respectively (see figure 1). 


mb Input Interpolated Computed Forecast k 
BD) ee 
30 =—_ — D —— || Ci 
400 eS? 
500 3=§ — 2D ———————_- 2h —_— 3 
600 = ——————- > ————— ren —— } — «4 
700 = — 2D —————_ 2 5 
775. A > bh — 
so 3 —l) ———_———— ) -——————_ 7 
925 0D Oe rd ————— hh — 8 


1000 2S -——- |) —_--—— 2 — 9 
Figure 1. Level arrangement for the model. 
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The vertical velocity is computed at even levels by applying the 


vorticity equation, (3), at the odd levels as follows: 


We = Wea +t %, ¥; Wht ,). D 


Here k is even and D is the pressure difference between even levels. 
The vertical velocity is assumed to be zero at 200 mb. 
The prognostic equations are obtained by applying the thermodynamic 


energy equation, (5), at the even levels, namely, 


kw. -V_- ‘Wh. + Paes (8) 


Equation (6) may also be expressed as 


0, F RE (y-y) (9) 
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or 


ze . & + OF 
NS Cp ie "Op e (10) 


Equation (9) is used to evaluate the stability parameter in a standard 
atmosphere at the even levels. These values are included in the program 


as constants. 


The lower boundary condition is established by noting that 


de dps 2 pp - (11) 


The second term of the right hand side of equation (11) is zero in 


aie 








geostrophic flow. Since W at the surface is given by 


W = We WH, , 


equation (11) may be rearranged to obtain equation (12a), 


: “O2 
ge = - a3 a Woe VW Wa 


or, approximately, 


O44 PEP = - De 26 tee Ve ; (12b) 
°C P 


(12a) 


t 
where the surface wind, V; » has been approximated by WG pe ne 
difficulties embodied in equations (12a) and (12b) are rather serious 
since ww) at the lower boundary is usually obtained by neglecting a 
in equation (12a). Thus, it is likely that Ot is a small differ- 


ot 
ence of two relatively large terms. In spite of these misgivings, the 


initial program was designed in accordance with Wiin-Nielsen's model as 
approximated by equation (12b). 

The computations carried out during this investigation were made 
with a Control Data Corporation 1604 (CDC 1604) digital computer, with a 
core storage capacity of 32,768 words of 48 bits each. The input data 
were obtained from the bi-daily analysis of the height of the 300-mb, 
500-mb, 700-mb, 850-mb and 1000-mb surfaces by the U. S. Navy Fleet 
Numerical Weather Facility (FNWF), Monterey, California. 

In order to utilize available data and computer subroutines from 
FNWF, the equations were converted to finite-difference form and scaled 
for fixed-point fractional arithmetic. 

A 1977-point, Square-net, octagonal grid, circumscribed by latitude 
LON on a polar stereographic projection of the Northern Hemisphere, was 
employed to represent the data fields. The net spacing is 381 km at 60N 


where the projection is true. 





The scaled, finite-difference equations corresponding to equations 


(8), (7), (10) and (12) are equations (13), (14), (15) and (16), 


respectively. 
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AS. ms Cole Cy -) D 
an tr (ad. a - > A, D)-2 2, (15) 
\(Apzs) 3)AT BaHe)-2. (16) 
(5a) 2+ (3 
The scaling conventions used in these equations are 
A 7 
Ud « C. (mb - eo) 
A = 
§ e 2. (es 
A (7 
peeZ (om) 
A VN 
ee (mb) (17) 
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N 17 
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Equation (6) represents the standard stability plus an anomaly due 
A 


to the departure from the standard atmosphere. The quantity Oo. in 


equation (15) refers to the stability parameter at level k in a standard 
atmosphere. The remainder of the right hand side of equation (15) is the 
finite-difference form of equation (10), which was used to approximate 
the stability anomaly at each grid point. The point values of stability 
are averaged over each pressure surface to maintain consistency with 
respect to the energetics of the model. 

The vertical derivatives in the calculation of the stability anomaly 
are approximated in a conventional manner [3, pp. 47-49]. The height 
fields at the even levels (figure 1) are approximated by a simple linear 
relationship. It is assumed that the ratio of the height of a level to 
its adjacent level in a standard atmosphere is the Same as the ratio of 
the heights of these levels in the real atmosphere. A test of the 
validity of this assumption indicates that the standard deviation of the 
actual ratios with respect to the standard ratios is two orders of magni- 
tude less than the ratios themselves. The approximation leads to a maxi- 
mum error of 9% of the height in the 54 cases examined, with an average 
error of less than 1%. The approximation is less accurate in the lower 
portions of the atmosphere than it is in the upper regions below the 
tropopause. 

Additional boundary conditions are imposed on the finite-difference 
approximation to the model. These include: 

a) setting the forecast height and thickness changes at the grid 


boundary points to zero; 





b) 


The 


a) 


b) 


c) 


d) 


e) 


£) 


g) 


setting the relative vorticity and vertical velocity at the 
grid boundary points to zero. 

order of computation during a time step is as follows: 

the previously prepared planetary-scale height analyses at the 
five odd levels (see figure 1) are entered into the computer 
and the height values at the five even levels are approximated; 
the stability parameter is computed at each grid point on 
levels 2, 4, 6 and 8 and is pressure averaged for each level; 
the vertical velocity is computed at each even level from the 
advection of absolute vorticity at the next lower odd level 
after establishing the vertical velocity at level O as zero; 
the thickness fields between adjacent odd levels are obtained 
from the imput height fields and the advection of thickness is 
calculated; 

the advection of thickness and the vertical velocity term at 
each even level, except level 0, is combined to form the local 
thickness change; 

the height change at level 9 is determined; 

the calculated height and thickness changes are combined with 
the initial height at level 9 and the thicknesses of the upper 
layers to form the forecast height fields at levels 1, 3, 5, 


7 and 9. 


Forward-difference approximations are used in the initial time step. 


All subsequent time steps employ central differences. 








3G Investigative Procedures and Results. 

An initial attempt at evaluating the model was made by providing 
the space-mean height fields at 300 mb, 500 mb, 700 mb, 850 mb and 
1000 mb as input. These fields are obtained by passing the analyzed 


height fields through four scans of the smoothing equation, 

(v) (0) Ca 

A. = Av + kVA. (18) 
\ j J 

In this instance, k = 1/8. This approach proved unsuccessful. An 
analysis by Holl and Clark [2] of the wave-component residuals shows 
that, after smoothing, 50% of the energy of wave number 16 remains in 
the space-mean pattern at latitude 45N. This is sufficient justifica- 
tion to remove the FNWF space-mean, in its present form, as a suitable 
input for the model under consideration. 

The 1000-mb height-change forecasts produced by the approximations 
of equations (12a) and (12b) were unsatisfactory. The forecast changes 
had no pattern and were an order of magnitude larger than observed 
values. This result casts further doubt on the utility of equations 
(12a) and (12b). 

A second approach was to provide the model with input fields which 
were prepared by a hemispheric Fourier analysis of the height fields. 
The zonal mean and the components due to waves 1, 2 and 3 were extracted 
and added together. These summed fields provided a planetary-scale 
input to the model. Figure 2 is a sample of ome of the fields used in 
the limited evaluation of the model. 

The first attempts with the Fourier input were not successful. 
Short-wave components were generated and first appeared in the mapped 


height fields after a 2-hr forecast. These components continued to grow 


40s 





in amplitude and progressed around latitude circles, as shown in figure 3 
for an 8-hr forecast. These short-wave phenomena are tentatively 
attributed to computational instability. The time interval used in 
these unstable forecasts was one hour. 

The 1000-mb height-change forecast was not unstable; however, the 
earlier difficulties persisted. On this basis, the utility of equations 
(12a) and (12b) was rejected. In the interest of evaluating the main 
features of the model, a simple approximation to the lower boundary 
conditions was adopted. The l2-hr height changes at the 1000-mb surface 
were determined from the result of the Fourier analysis of the initial 
height fields. It was then assumed that the appropriate fraction of this 
change would be applied to the 1000-mb surface at each time step. Such 
an approximation leads to minor inconsistencies during the iterative 
procedure, but leads to a perfect 12-hr forecast at 1000 mb. 

The problem of possible computational instability has been 
approached on the basis of the general considerations outlined by 
Thompson [4]. The l-hr time interval was halved, while retaining the 
approximation for the lower boundary. 

At the time of writing, 26 time steps have been calculated with no 
sign of short-wave phenomena, which appears to support the earlier sug- 
gestion of computational instability associated with l-hr time steps. 
Figure 4 is a 12-hr forecast for the 500-mb level from 12Z 19 Novem- 
ber 1962. The errors associated with this forecast are shown in 
- figure 5. The forecast 12-hr height-change field is figure 6 and the 
actual 12-hr height-change field is figure 7. The analyzed 500-mb field 
for 00Z 20 November 1962 is figure 8. The pillow and root-mean-square 


error from figure 6 are very similar to those obtained from figure 7. 


= 0s 





(Pillow, P, and root-mean-square error, RMSE, are defined in Appendix I.) 
In figure 6, P = -2 feet and RMSE = 71 feet, while figure 7 gives 

P = 6 feet and RMSE = 74 feet. An examination of figure 5 shows a region 
of large errors in the vicinity of the North Pole (at the center of the 
figure). This is to be expected since the features of the imput data are 
not of planetary scale at these latitudes. The major errors, with a 
maximum of -480 feet, are associated with the slightly deepening low 
center in the northwest region of figure 2. The model forecasts a 
lowering of central height to 16,560 feet. In actuality, the height 
lowered to 16,770 feet at the position one grid point to the northeasc. 
Most of the other errors in the lower latitude regions are less than 

100 feet. These errors appear small enough to warrant further evaluaticn 
of the model. Appendix I is a tabulation of the pillow and RMSE of error 
fields generated when using persistence as a forecast on selected days of 
November 1962. These indicate the forecast improvement required of the 


Wiin-Nielsen model. 
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4, Suggestions for Future Study. 


The limited results described in section 3 are not yet adequate to 


evaluate the usefulness of the long-wave model. There remain several 


tasks to be accomplished before this may be established. 


a) 


b) 


re) 


Revise and streamline the present computer program to reduce 
the amount of time required to make the calculations for one 
time step. At present, this time is 5 minutes; however, this 
may be reduced, by more sophisticated tape handling, to about 
3 minutes. Further reduction might be made by packing data in 
the computer memory to minimize or eliminate the necessity of 
data transfer to and from magnetic tape. 

Conduct an extensive evaluation of the model on many sets of 
data to prove or disprove the adequacy of equations (3) and 
(5). 

If the evaluations of b) prove the model to be successful, a 
Suitable lower boundary condition must be devised and tested 
in order to obtain operational planetary-scale forecasts. A 
further desirable feature for an operational forecasting model 
would be the elimination of the required Fourier analysis of 
the input data. The most likely possibility here may be the 
use of one of the new smoothing techniques presently undergoing 


test at FNWF. 


lye 





@ 4928 4927 0926 4925 4925 O52 6924 4973 0922 4921 0922 





e 
e 
NN 
a 
° 
° 
cal 
* 
* 
] 





+951 0930 0936 « 




































































































































































































F ig ure - 500-mb height analys is of the Northern 
“ 2 ” ” cal cal mn ca) " z 2 2 2 al 2 2 ~ 2 eo ° - N ” 
= = - - - - - - - = = = = - = =- = = - ™ N t 
e e e La a e e Lg La e oe e La oe e a e Ld La id e Ld oe 
+ ° + ° * * + + * ° + * ° * e e > * ° e © ° ° 
” ” ~_ _ ~ Nn n - - - - - - n ~ ” a w < n e e ° - 
- - = - - - = - - - - - - - - - =- - - - =- = nN nN 
eo La Ld e e e Ld a La LA ia ta o ce e e e Ld . La Ld o e e 
° ° e ° ° ° ° * * + ° e e e e * e ° ° e e . ° ° 
~ t = - - ° o o o es e & ~ ~ ~ oe e o - -” 2 w ~ 2 o 
- - = - - - | o ~J oo ee oc o o 2 oo o - - - - - ~ - - 
a La La ta a eo e ° al e e . > e oe e e a e e - a a e e 
+ e ° * + « ° * . ° e . ° . * ° e * > e * * * a * 
N = - v o o = ~ al a ™ - <] u o - - - zs 2 = eo ~ 2 ° ~ - 
= = = = = = J o eo oe co e o o i=] J o o J So u - - - - - N 
e e Ld La e e o * o oc ce o La La o oe o a o e a ? La La oe Ld oe 
2 e . > e > .7 e 2 ° 4 °° 2 on @ * * 2 > 4 7 7 . * e A ° 
EN ete ney 
- o Ld Ld = 2 Lal - la ~ SPrenes eves IMEI ES o ~ “ w o nm “ o - 
- =- o r~) ° c FIER CEI CCI CRITE CUE CEE OD o ° o o = - - N N 
oe e e e a > BANNAN NINE NN DNA NEO NEE DIMM ANDO o o a . e o o vd 
e ° ° ° ° SN EUIIEN © tured © URES o ENENEN © RR ECN © KER ES FEU TIEN OV EMEN  CUEUN OOUEUEN © FTE e ° e ° * * * e 
Lash hash Pada La Aba Skah MELA LAN ak Dank DAU h DCA ge bh dian gh La ak bho ih Ba] 
- ° g © 2 ” - DANII RE CIRO FREI AEE OA AT EY OEE TEN Rae OIE CUE F Out ete o “" ) o nn 2 ° - 
- Lad o o o o PIO CI CEE RETENTION NIN ND FOND REN EOE LED CNEIEIN PINON EIN IOINE FO eo oc oc - - Nn Nn 
v e e o a e oe DN NNN OIE NNN FD CRRIRD IV HINDI © NITED NERD EIN DOIN NID o o e o o e 
e e e * ° EN OORT 9 RENN OEUENEN © EN IEES © NIEIEY © REIS O REEUEY OEVTIEY © CEU © EOICY © Manet © CUTIE ON © e ° ae ° ° e 
NINE RNR ENR INR Netnty Beuee ReeunE INN RINE ORIN EIEN CHR INE SIN EN 
~ ° 2 a ra - RIN ORIN IRI CEIED CRIA FINN RENN ONN ONO REIN TUN OUI O NINE NUD CEU FED SIRI HEINE ON NINNEDANNEID - oe ~ e ° - 
- - o o NIE Lad Lad Pee PO EVENS CEO o - NN 
o o o > = « 2 © © NON AND VNINDNMND NANO NNN & e e 
° ° * e © EEN © EEN EN © CUENEY © CEN TY © CUENEN © CUCU ON « « ° ° e . © EEVINE © EVPIEN © CEN OLIN © IIE OEE O OI © + + . ° ° 
een rT) Nee NNN Fen 
~ = oe 2 od al 2 EIEIO VINO OHNE 2 NO NID ° © ] °o ~ > N DVN NON RINE ONIN ONIN FIND rad wn ~ o o - 
- - o ° 2 BNR AINE ND fetere: ~ ~ 2 e 2 < 2 ~ NN RENE RNIN EINIINED RAEN CREO °o - ~ - na ™ 
e td er e e eS Cnvw x oe tJ a C] = © tJ © WEL CWr TCL ey N e ca e > 4 o 
° e e e + OIE © CUTE © ERT O FOI O Oo e e e « « . ° e ° © EME © Beret a © CYENEN @ Cun ot © CURE © Oty + e ° * ° * 
EEN fete Cone NONE CIN Re ft 
” - a 2 2 ™ OO _INR etna ngmetirs Cute Kotte ~ ™ o 2 z 2 < a oe] « OEE RIE NIN OHO ReterHeD tw - < © o o 
- - ° o o BD NNENNNENNNONNNOENN 2 ° a) A eefeesfeenwtre “ « a 6 Pe NONI E EY o - - - Nn a] 
ia Co Ca ce - ONT eas RNIN BV er wD © 2 a QR Oe $6] ee OK KK se © « a = © ND ORIN ED EINE VQ ENN eer ce ve e ia oe s 
° . e e e EINE 6 EEN © CIEE © TIN e e e OE OE 6 08 EH 6K ROE Oe . ° ° ° 1 RENO eenere SNS s fereny eters e * e e . * 
wets —— ee Ree RRR Re Ree Re INN EI INE Cure 
™ o 4 Lied baad 2 e LJ 2 ee ner nee 6 9 en gn 9 Oe Ore aN ~ ~ ~ Nn peaaceeee ester PRN NEE I - 2 ~ a ° 
a - o ° o ° ° oY. Lectslont' Atamtanteel” duamtanlanl™ femtentent™ amtankonl” Aamtankenl” Lamumlon?” demoted demented aeamaetet a) 2 o ~ PENNE FRED NNO ITE = = - - nN 
ce e s La oe VAN @ oe OO 0 0 a 0 08 0 0 HH Oe HK O- © = = BAND ANNO NNN OND e ta e Ld La 
+ ° + rs + SAIN © NEVO ITO fOr © e 0 Oe 6 Oe 0 Ore Oe tee One ORR Fe ee + * . ONT COENEN © IN ONES Oy + ° e ° + 
cer fee RRR Ree Ree Ree RRR BRR ee Be Ree eee 
wn - e 2 n PLL mah hak id ok a ok ee) e De samemmteanh, Lamkentonah ceetantemsebamtantenl “Lamtenbemneememtant.Lamtentel amanenl 2 eanten ceemlted see Rene: eet] 2 o o ” 2 © o 
= - ° ° o Pe ee ee a ae a) a eee Me Be Fe 2 a o - - = a 
Ce o oe e e CS eet ANNE One O88 - Ol] Be Or 2 = © Spee SS a © e oe oe Ld e 
e e ° e * SINE © fetuL oe teeNrIOtmN « OK tee = 6 Kw eRe er e DT eal call teat alee Teal eel aol Deal e . e SENINEN OONENEN © CUTE ® e * e ° e 
ae = ee ee NNN Ivevel Curent 
2 = w = Deenity 2 Curie’ Curie: Ke hee see a c FINAN NON NNO <o - “ ~ o 
- ° o ° Le assaed Reese mee A 2 ENRON WN NNNON ° C= Ce _ ae 
Ld a Va e ¢€ uy © ©—--—o- --t---o © © no ble sae aiid e * e Ld | 
° * ° ° ° * + NOt wvetcnveles + ° eo mem one e e SNM ONIN O Fer © e e ° ° * 
ON ett CE Se ee Neeeey  fervey 
J 2 - o 2 ~ QQ Naan o - eerKN--K—Oo-- 63 - MH ANONNNE tre ” 2 2 ~ e 
- - od co 2 u SO No NN Eto 2 N Nn [4 icntael Lenten Aemleneen A) o Ll ANDO DEI °o o - - - 
> * ° > a e Cai ei seta alee bnd o = o x -O-sK4-——«¢ a7 ao NO y! HD o co ° v oe 
e ° ° ° e ° ° + CUE © Netvey @ Curvy . ee te Poteet tae ees « ° FOOO * OOO FOO $2 OT ETOH 20H eOOe eHOo*e + oe oe mee . ° SeNtTS @ CUNEO rg » ° ° ° ° 
to tN 2 e222 See F-Ser eee © Of @©6€O0 Cc@Oo £60 £68 €OH Ofc Oe aves seem ee VN tN tery 
co 2 eo mn =) Ld 2 Lad DINNIN RENIN - Fe AT er oe ae be om om fem om pit Pome) Lad ~~ BO CHBOOLOOIO Nn “” FVM OOO-Oveevan @ OK -Oee-=-3 Pal  NNONNNONN & “ - 2 © 
=~ ” - - - o o S Sennen © 2 Renn ae geen see Nn “ecroucecec oc o a o C¥ OC Of MA OCC a— 6 aerees eK © ~ NEN tem ° - - ca 
e oa e a ad e e feat fener evi © Pea Otae$O--$-k-=--Oo--— © = HOCH lOO— ~ ~ ~ ~ . feocoooe ooo © ©-—-O——-8— © © ONNNONNND o ° o a 
e e e * ad * * ce CN Ofuril e ne. * Ce 6 2s Cem sere 66 e @+¢TOoreen ¢ e e * * * H*MMOoeutcoeco + emer emt + * ONS WENO e Sa c) = 
CON EN NNO ee eee ee ee 2H© & S08 ©O5 Oco — ee ARAN ARN 
o < wn ~~ 2 Ld a o NGL ETS OED a Qe OO ee he KR Oe C3) oor f“oOnAA o o cv ° - n 2 BoOre~ecrmoc* ~ Sh eee? contami 2 w ee a uh cae ie ated N 7 a) © 
™ - - c=! - oS o So NNBNNNONN F 2 Pree gee FR Fem N “Geoorecoe oe © © c Ld e c eeonevcceanr— ~ ta Ladeceant damtenbank al 2 CHD NS °o ° Le =~ 
ha o * Lal a e ce SANRIO NNNONN & « Lath laenlaaeh the hier ae taal eleeel heel nae e annreD » ~ ~ nt ~ ~ ~ OCA COmoooe « eee o- © «< NENNCD IN & co a o 
e ° ° e * e 4 CNS eee * oc KR e the eK KK eee tee K+ e DHevwnooee ° e ° “ e « aa e e CH eVOO eODCe ore Or He ee 6 e eNNNOeNN © ° “ * 
two xv we 2 one omg ae ee me NEN Relies 
= a ” n ° + +o ONNNKNNNON  O ° - oonccan ~ uw 2 Pal ~ e - - - -“fHeo0 ere - Ney Sadentenl- amen Al ° RNIN ee al s « 
~_ = - - - o co PRAHA Ht oe 2 ” —goeGte: & 2 2 e © = = ec a a eo Gov-cert-a Nn mo Fe ° me NORDIC Ie o - - 
o e e o o ce e NOH NN Ne “ © ©ne.eoen ~ ~ » ~ ~ ~ » ~ ~ a ~ @acnmee « > Kt -—e| © © nwree e oe a 
° e ° ° e e Pe te Pet ta sad « CT dmtenk patented enenanl deamenaica ° ene ec e * e * e ° * e ° ° . $24 Canc e Cetetek hesete teed e . VecePiernt ° « e 
ns ann eee eR eee Ree © ne oD coe ree oe Nene te 
- « wn Nn o - iad CrORINNE CrtNte 7 Or HK Ce ern 2 KN —- wemte Crd bd c 2 2 Cah a = ~ © 2 ™ = ©-4ec00eu - ee op <2 COANINONN sa = 
e - - - Cs) =) OO rerun we SO een n geen senK4se= ~~ ©®eo00o ¢ © . 7) (cel eles ol aed ated ned a “ © © © © = CeEnOoLe NO Hee HK 3s 2 BANNAN O °o - 
ce cs Lad e ? ? e Pht cleh dk oe oo Cn KRK CK 28K Roe % ACT ~ Se RP Be Be BoP Be Pe Pe ~ ~ ~ ~ ~ ~ -f£O00wu o Cree see oo TEIN NN e c 
° ° . ° ° * © PINOtwuNeIUNS © Oe oe Loretto fololon tad ° owes ou ° ° OP OP Ohhh OF RR P- Oh rar e e e e e ° Ye ounwe Seen leet tend + oe MVOINN® ° e 
HIN NA eRe Ree eee wow atch abel ad-acd aal ad ad a nd ak a ad aa bea and ® eae ae ee NN Reeves 
= wn Nn « 2 NNN Re NRK eR sree eet = @Leuar “ 2 FSP Pe eens erate er here cee Peseieome Pte = ° EER ORM cacec OK FR Oo So Menem rNe ° 2 
- - - rs g INEVAIS Remieie hy Be F npeentaad “hemtent ent haskentanl botentestadl ~~ 8 Ofame o ~ beh nh 2 Z -Porh reer o Dd oot tat at On bead Aad a OMAmoe No eget gee ° ove 2 - 
e e e AANENNNE MS ey er art ere © w~enoce ~ a adaiadaladanied pained i A th at at a Pe ~ OPEC ££ ee RKKt-———e © NEN oe 
e e + ° > errs * . eae eR Oe ee ° COG ow > > eRe eh © & 5 * ORR OP Rh OP OIE ORME OPP ahh © Beno © ome ° + UNE Ory e e 
rene iw Ke Re Kee era & eh eR Ce le ne a eos ee He De ala aha 
» we ™ be 2 BAR OF hee a ee ee Oe 2 acmem < re ad oe Laat 2 “ y ce PL OP OR RRR ORR OR Pe or Pe =eaec RF ” One Ne “ ~ 
- - - ° o CNN O OR 2 Ree gee gre Nn era © Ree ORR 2 MOCO - OO OE RR Pe PP OR Be ee Pe  OP- vaore Ae see © RAMON Oo - 
> > o Co e ONANE NNN < fe ee © © ee+eorr ~ Cle aad nigel aad ~ ercoorco Ll ela héel ad ind edad ind adetadinenad aie REP ye neon ¢ weet) ee Onin > 
° . ° . e ON ot Comte . ee telat ° * seenw © ° hohner OP ° © cordcoor canoe . Be OP Behe A PPh OP OR © * one © Good ° ak Lementani lementamicd oe NNeNN ¢« ° 
wee tae Se e_ cw Lied Vo 408 vit RRR Rh RR as oc eee ae ee ey 
2 “ ™ ~ 7 meter: <2 a seem -” z7oonee 2 OPP On hh Dad So 2OoNto Sovncccvco RR OF RP OF hare e 2 “ero Yeo o Orrnrn-- =e ec ANONNN c 
- - - ° eo ONNNaNe) Oo Vee se om “a wcaace a Reh ORR a “ COFCO CK Or. SUE 2 FR ORRR ORR rf al 27 eo OL Le Steno teeta] oo NR NNO °o 
a Va vw La e SIV ING & & yee o w sYouqganr ~ RPP Be ~ ~ Or wr oe OM Lae ERP BS ~ Lod ~ ee wee ore-gerKa “ EIN ° 
- 2 .7 2 7 eNrIN eT +. —— tee 6 . 7 e@ Te ec@mee > OR Of mh > * > 4 06000¢0001 000480 oA orn e * > oeocoe on emece re ee ee ee 4 rer + ° 
OE ey = eee ceo cen ed alates @0 CoO 020 000 22 coo ed oo -— = = NN 
Ld <2 N <« a RENN ON - Cee ra Cecaczan Vv PF ROR TR ROR FOR em 20cOnto or o00" © 2 ~ ovooNdsoo°o Corn OC Ooma No eK Ne@K te 2 PNNNE: 2 
- =- - °o oS NONKNE AN SKK N G-o01oce © Pat oe Sa eat SL OY FAOCOMGDGONMCCONG 2 a H  DMNGDONGCOOMOS Shree O 2° eaane o 
e e Ca oe AMO & o---a-=- © © 20eceoceo PF Pe Rent Ree Re Be PoP Be Pe Pe Pe Be Pe Be Pe Pe Pe Pe ~ oor Stores ero bh i OOO LOOM COSROCOm RR © CNN oe 
* * + ° « MeNeN ah ° te ere= + e¢ QEenTeoe ° SP oP he OPP OPP OPP ORR © « oe00 ° ° Delocecooe e00Ce Pre . hated ° 
La iaaad ro ae © ©©o Ce RP EP eh hh Pee 2 20 Oo ©0200 600 co » NNN 
2 _ © 2 NeNFNEN - Onn=™ «1 2o°20no— Pe PF > nN NN her OC 2000 FOQOrODONDLCOO 7 o oN RN KANNAN OW 
=- =- ° 2 NON AK GY oR oOOaroH oF PP Pa OR OF °o cee O00 QLVONDYO—O = =] > one or. RANNEN OO 
Ld Ld a ca 2 o---8 2 oL2ooo— ~ PEN Re BeBe Pe PEERS Pata hehe be = Lm ~- 00 OOO OOS ~ » © eo L ead ennnwon o 
mm > * ° ° e Nene n ° oman + SeoeDEgoe + ROR R ORR ONE © O©870 ° hOorr © 20900 ° e000 ¢ + oe me e oh CONN EON © 
mee NN eal ooo ce [beds alll altn-alll-alalaitted SoD oo he co oo mw oo RR an 
Cait 1 ~ m 2 aiheenes o ON Pee -neoee Ww ROR EERE EERE = =§ OTO2 O50" hee & O9OO & nine Oo Ws WsNORK A NO OBR | OOF ts lilnamn haploid INNER 
Land = 2 Carey Lod = 2Ooce e eh OPE OF © | om meal —-©80-0080 eer F OOM SF PAO UM & QUA DVWAMNOMAVWoUW O80 shevered ee see ANNAN OS 
ame e e = ee coce— ~ Pe Pete Pata Pe Pe Re Bee Pe fe Be fae ie Cort. T oo eee & OO DLA OAATA DAMN DO PALOMA OMA OWA - OO Re OO LJ St genet = led a 
emmme ° * ° + cmnenrmenN + -or=—+ +OOe+ o ORE ORR ORE ORR HO BeHOOe+oon+ + 8800+ ene SODAS TAY OLUDAE MEN EVWARSOANG O04 RF OF ¢ “eae ce NNENN + 
etary NN NEY ——— o0e Poh Pa PR Fete ahh © ©00 oco ed ooo wn tern my CO he © @ Coll samt ed tere 
T diesh ad biaheteal = s J Fe e Re OY @goo vw he he PE be Rat OF Pa OD ol ~e S408 QM cooro cer OCOD A oe a .-4 o ° “” o oo FRO sto o —Hhe=-—-oO - NENG NN 
- - = 2 wee - RRP ORR ARERR O- OOO-GOOVOG Ber HOG O me oO “ “” ww 2° ° 2 anc oom ~~ ©2900 8 “458- NNO NNO 
eminem © e o + SO §$OR— SF OBO RRR RE mph RREAE OOHOTHOHOOOH Be ROO R NO ° ° ° @ o oO OF lhUmRRUlUODlUMDOC HO - © SONS 
Pt ledenh dat rT * e > MO tT Ss e -e-—wr + Bee oe heh OR hh oh e * onthe BeODO+ Ooo +o on *OoGo ¢ ute o72 FIO sFssesTzIze e e ne of we eee e sere t— 2 NTN eNne 
NT = = (aga abee-ed aad © Cfo O&T © ~ oe al 233° 39393 247 333 F373 “ @ ad oo = NN ANN 
vs Sa @ X 2 Neen OO feK= © ©2O- al anansanonlanaanntl “ ~ -— RF OPOOOVOOtOGO SR oO FOF 7FZFCIZFISO FIFO SSC IFZOFI OG www on ~~ GC-©0 © " NNORNN 
me - - NO herent 2 ewe Ne a wo reo eels o~ mo owen FEMS ID a FON FFIMIFIOFS II of. Oo” ee coo Nn | Lemania) deat — NNO ONS 
oe o WANN © =-O-= © ~ illestand OOOlODGOOG FPR FO mYWWIO F330 e 2 OFF 2OTF 303330 ono ened ero © o-- -o—- © NNN 
CMM OM «© ° ° NONI e fe +. em «© + + me ROD s DOO ee 7 *o oumnn 6 236 ° + * OFF TOCIIFZ0O own ° ~e eDO ¢ OT bak tel eo eee 
mee ™ re et ote ooo © ~ ° ant aa ”" 72 2773 2 Dad ~ oo -—— = AN Net 
Dat ich gen cet bathers, t ~ m ~ .-J =o betd Bo 7 oo o~ ne wa e277 = mew Oo # anzzIsze03 PAbeld N Label] eco © La centile gad 2 Nite eure 
- = Oo NB erenes ~ —e ra @ © | aha mo as N “” a Freezers on badd ee o tw —_—_—v -~ NNO RIND 
SMOImMemmnae ta e e oso -o - ~ ~ ~ RO os oe @ C2tsz0e On oF load C20 © o---o © EN 
emmmemmmne ° e * eTre ety ° == * * or co e es7307 on OF ~e enn ¢ ——-t * MNenTEe 
een mena ene Ll ~~ < a2a7 7 wie ~ © =o -— i Curae 
~ e ° ° | nd cond RPRRORRRO On = C233NF 2H OF RR GN = D sguieunenh a eA Aah oa aaaead 
ot = - ONNNON ae PARE ORR Ome OM N mI2gv2 e om Bee C= e © =Fe—— Pe UE INO 
e © -o— REE e Pee Re OOF ° e22707 2 ~ L aaa £on 2 -Qee-o BNANNONNNS 
e erraennms © ore cher Omer © 2* ove e esv77¢ wie oe we aen e e's PING © NEVINS 
arene - =< Lens 333 w oo ke 2 © - = ~ 
Chelsea gubeahcal lt hahah leds 2 -m PIN OE he ewe + n Cee 2 Lae} NII778 ne COF FRO 20m z= Sor PINNING FENN 
NG ry - - La ~ Tee ° 2 ” Fzzsz0 WO 0203 =F o-2 n” so QANNShEvNO 
FMAM MIMS a oe even and oe © @ ~ ° bd e2230 "he 200 So -<-Oo-—-o BSANNONN FF 
© ET © I) 8 mE e * + Ne nre t— + +ODS+OCCCVS GOs CHFOC Ss e0C+ * nem + +272° we cor ¢ octane Sa ah ta hind 
Pa ectlet Mod pales Bet fat aa) one _ O20 200 CCS COCO ” + 3s we eo c- —= tune tore 
omer enemies © ~~ J mmc NOOR LO OO O0r O40 ~ “” i) F027 OVW wo oon o -—=—vrFK © Nom F 
Le Lesh aplidal a ladon all sath dinate ot ont ELA 2 - Co NNO NNN® = “ Ono ee o~ —- BoOrCCKCNLCOo-O N mm Fz? 232 Ou NOS Oe sect SNOW O 
e o ee Of FP oOo ~ OG Or OOO 2 2 C27309 6 6m oO -e— © NONANONN & 
° oe Mente ores Oe me oe * e¢ @0+ce + ° e eF32¢ ~n +0 v——— oe e VO NENENO Fe ° 
~~ cree — ] ~ 2 27 333 Cal o Reumbent me NINN 
* Lex \ apeuteetl i oo ~er ~- ~ Pa = 2Fz027373~ w wWF2IF IF TH feo om | smbanhantd bad NO Ire ~ 
= = iw o=—vsz a-© ~~ on Lal had o aViss2s3 7 asa eo were 00f et ~~ vveoneneNn °o 
La eo =e orn eh Oh PV NOOV IER OMI OVID i ~ FOFsIOIF2 FIC FIICIII0O4S ee COR RRP -i£-—--© 2 NNENNNON o 
* eEN Oey o-——@ 2o on +2 POA OUI + UHM ORT OW) ° ° FOFITHIFIIGOFIFIOSIIAG ev" eoHce Rhee t+ e+ NNeNNEON ° 
NE — © e 2° UA A Re in 333 333 2223 33 nw 29) RR oe —we ANN CE 
2 PIN = -~ POO VNR NO 5 dalled Abd 7 Ct dh alle Aatngelhehy Agi 2 APF SBIIICLZ I 9M 2 ven -o one mm -—hKa-- © PANNE NNO 
- BS ANON BO Me Cre HOO OUMO PoP ELA AT e222 0277083 & oar 2270 FRE O onen aeeel—e— & ONNNONANEO 
OM FO I NT A Co NNN eG © Ree Oe HNN ° 2 ENE oMMMNONUMeN DAN CAMA SO 2 or 2 2 ~- ©8coo o---o- & = oe 
2 FOI © PI © MT) & EPL © TT @ * oe NE Ottis ern *OOOe REO OG ONMNe > ° SMA ONIN OI © IS OU OUI OL e e e e Mew ¢ OO or enace o-——-—e— * ere © Ee e 
Seer) er ener) ener ry men Nee -— oD FF eo) uM A capad own 200 ~ oo aed Nn 
AMA OAM AMMEN OM a) Lal NONI o-— NN DDE ee COM WW nN al La NY w “ ce Daag -80Oo 1 oro coun 4 Ca Lene 2 - 
 abatihesthadsguteedeotadhh beted edsgnle begat tad dade Netadhontied 2] - hefeta: a———F CLO FP om oO ~ PAA ROMA Pane Ane o © Ovsvew C20 CORPO c-oS = “fiero NINOS Nin _ 
On rn a ee Peers i en a Cannan o---e oo re are ~“ aU TAS tS IPAIAA eo APE a cD AAA EA SOME UA OWA OUTIL aN OMY » oom ee & OO 4 --o-- © D NANDA NN & o 
> nl Oe OLS IN OMTYE } me ° e So WR OUI AU) OUT OU © UO UU OV) CUI © ut © *e2ooe on eOODe e SONI ONE Oto e 
-yns) SNR) Bel SHeL ene DAVIN WW VAR A ene VI *o ee ovo RN ME 
- MOM AMOM MM ONAN Me wD “ Cem ore ovo wwii o 2 BAANE DAD CDA REMAN TL AAA AUN DS oe COS 4 RR COO0N Ln cmtenat td 2 BANCO - 
= Steed ead ad beled abiahondetollad ohh adlbatiedhed Gok lodied Actkent iiiicend ve oC eRe Ce Ne ~ i PE RLY LAE TIE VIE RACIAL a NeooFse Chen e—-ow ~ mm Oo ~ NNNNENNNEN - 
orm o os 2080O— Fer COP oe wi OD AMAOADA SAD POA CAN OUI OA ~ ooo ee & OOOO x “Dara we 2 NID RN EW c e 
OO Mi COM One OEM en R e . e So NOM CW OU eM emIeNN «© e 28000 + Ror mace a mer + eo NN ONAN OCNE® ° 7 
a aN mee) ee ars WN vat ovo @ = one —— = NNN La) 
e  dadilitadiebieabalutlednailediie eda < “Ke 220 CMO 2 ~- ° UAW On An y al 2room Shh rnoors NweKe ° BRINE ene o 
Lal Ll athlete eal baleclaaatnlind se salineddnd ad eb bebind Lb) a) oer © COON YO; Lad Load Led DMA ADI VA Oy wn o - N OOF COoOM rr O <-2so “ or-KK—o ~ ONAN NNN NNO o ‘seg 
o Fa al eth sadbeliad steed labs -aelladieal-aek ad e 60 REP Ce TEAMS ° oc NOW in ~ ~ Roose &- FRE © OOOH © -<©---©8 © NENNKNENNNDRNN & e o 
. SUE ONT CTO OE HOM & ° he eo ene ° SUNT OMI OMA OL © oy e¢ Co1oooe o Hh eacue o iam «© fo NN ONIN ONIN PON © ° * 
Ae AM i ee ~~ ey PA DAA YAM WANE A oA ©oo oo ae Q@o —— = ANN NA CIN 
Ne ae 8 8 I OO Gare F 2 oer OOOO FDAIE= DANG ANN OVW rh © 2 w 21000806 ~ oe e @QL0Ce® <6 ——=—© 2 PENNING Lod o Cal 
Pe ar ar a La a re ~ Led hind o70 NN SHO MAMOM MD EMA OMA O = NM COKrooo2? + =ror So @eare ~~ ee Oo ~ NONVNNS ANNO NNO o = - 
Lace dea leeleal cated ul o oan & RRP roo fF Pe NU AA OPS ft é~ ~ -2oOor COOF coal tal ae aed Hel20o 2 =—-©o-- © 2 NNDANNS NNO ANN al o ° 
° *cmne hon elder « FUN Orne ° e ogecgoed BS hehe «© S+ocne ——— om ° PLU © URI OLNEY © NENTS © e ° e 
oo Ph he 2° 20 eco 1690 ee fe oc ©0  neniend NN ENE Ne 
hee ome 5 elated -o0oo-o = 2 Ld ~—wootCgou A Oh pe FEOR9D FO emer Pe I ININMOINENNININONN 1 cal - " 
= aww 1202 6 her & owvouro MOOOIFILCOFOG CO PERRO OC foe mr 2 --“o-- & SS NNONNNP MNO MNINUN | —O e =- = 
-2- wroenv et aedadd OOOO OO 00 O- IO OR OOOH ~ pata 2 |uvec®ee o---© © SAVANNA OMIA > > o o 
om © SLee + hr enr © HGH COCG+GHCe « th oh a *DHOHenme «¢ o-———* « PNNN ONIN 6 ONIN ONO * * e * 
--- © w© ea ~ he 2o oun a“ NN NINN RN RNA CN 
mn =——2 ATOoON 2 eR oer N o — Ore eR FyOourse crv 6 ANEMIA ONNNONNNONN FF = ° a” ~ 
fa2. CUNNGAN © -oR— £ @HHITO © Pee Pe De IR he OP o V— DOAN z hewn °o Pt ONE I INS IIE NOON S S = = = 
La NNONNETD o---—® sSf20nn e PP PP Pee Re PP Re ~ ©eaorarnon o-- -o-—- © QD NNOPRAEVND NNNDNNANONNND e ia e al Ld 
. OT = Ont On Au ent orm ow ° e Pr etNme Oe heal e «resem ¢ e eo PF ore © e e g@eccoemen + -———-*s . SO VINES © RatUtY OCUTIEN © CUS EN OCueNE, © . e . . . 
mA WY ee Ae NAN oN -— nn 03 “oo wow -—_-_ he NON Ort fuera RNIN Ord 
or Lal) sete Nasco al alate Atel, Metedbals = alae gh = ornnane ©  eenbannal oO aeneeernce Nw ° - «Verret e080 2D cor ¢ PIM ER Cte OE ITO CINE wn ~ o N val & 
” al dled adiindiial iladendlect ah eihudieehadeedeedirdahmehediad - = NONNNS ~~ woe A POOL OONTONMACLSONEOENONO™O F A-OK < LANE VANE VNN OR ANON ° o oS - - = 
oe c mE ee Gh ay fe aA Cte ear ta c ermcn 2 -o-——e& a enecevrat feat cron s = © ree g=—— « Di NE NNNONN NE NNR ON a > > a a e e 
° e STENT OMAN SAMMOMT OTM OTH © e o Ie IINN] emer enme «© + “ . . ° ° eK tame eS SEM © RONIY ONO II OLIN ® e e * e « e > 
ee ne Re Ce ta | —- — ee ee REE) patente evens 
sv bald Saint all dechatlehl Ladiyed cal hapcha cad Dettid hael 3 2 PNNNON  @-sen-OKn ee ° o Nee K eRe © “ QEINIDEREUNEIS CICUREEIEN IEE 2 2 ~ ad ~ wo i Ld 
- al PA a ATE PEO EE TI Ge - con Ne = Kew OR Re OP! — OEE Rhee & Oe eK Cee KP i od Ff ANFNNNONNNS HHUNOKNN CO o o o Oo o - - me - 
e o Daren a mr Omen Oe OPT c NENNNONN © a eee Oe O— 226" 6-6 a2 = DVN INE NAIR NEED BEES a ce a we a e o ce a s 
ry ry CEU Ce CF AT OMI er Owe OM © 2 a ONE OreP teri 7 * eK ee * . * Ol AEN OF INOUE II VG FIN ON ° * ° a . . ° = . a ° 
aedet lel chasis alana nalilaodl aie! A ANN eoeure 
oo - FU BE LOE LUNE A POE I is] al OE OOM ru iONTIt ae ” °o ¢ 2 2 2 < Ld a ° Nn w lad c =- 
” *  acatenhenierh ed tetlbcieadad eke ehsadiedicdindleal oll -hindiedeagt a] “ - = NONE INNA Geer & e Seenerud enue neni ne WN GONNA 2 o ° °o ° ° ° = - - - = ~“ 
c c cea Com Si ot aes ner CS Nee | Co c Gene Sime eicieie ee COA PIER TG CRETE CON IAC. OF c o o a c o c o c c e o o 
° > ee ON ONE) § EN™ EMH OME Mm «TUM + ° e e DEIN © OREN © CRIEEN F CII © OUENON © NEI OKI OREO INN © . e * ° > * . e e e ° . 
er oe mr el PENN Cetdel racer ert tt pairs cee 
™~ Lac - a - = = NNO rMeriareINartusn o °o °o o Ld eS Ce e c = -” a ~ e - 
. = . ~“ = _ =- - ° ° vo °o - - = 2 ° S o ° ° - - ead - - ™ 
La ao a v e a a e a a e c e ce e a °- al Lal > Lal a al s o > 
. ° eedlele bell ° : ° ° ° ° . ° « ° . : « . ° e ° e e e e ° + + 
‘errr are: 
- ~ leak all Pile al ar ONG Bee EN En ee Sate Aare ~ c=] o ~ ~ * ra wn 2 ” _ - - - - La] 2 wv ~ e - 
cal La mo onan o onerer t padisabiiel aterliatpchiisliedictantilanthetiio’ aeleiadch adsl bith abl Nn N - - - - - - = - - - - - _ - = - =- - N 
° c CT vadied -aluteadledl -phsttdhel ahah ohadh sled abled’ -clehenk bel caleds ole sided edlcabetnedbelh bed kien 20 c o oe c c c o c oe ad ad o a Cad c Ld a La c o 
e a omen were remnne ren @ Wer GH Ot BN 6 Om He . . ° o ° . + . ° 4 ° ° . ° * ° e = ° 
eRe te me 
- Nn  dechaahichemmiedias teil Aeteatiedl Stkatiad ledhedhedh” hedseanbedled ed lefihodhentedead loth nadiahiets wnadiatats Sattdadl Antes) - co =e ~ <2 ra) 2 baal al 2 wn w 2 = °o - 
~ ”  ateathed etlillgh iti chledealiuns caletinetianemiatiea nedl ied aalamheaeetddiedetedl Mamta toietinn a eadbedled th ekedlall lateedied \ bl a — = - = pas - _ - pal - - N N 
c o EE AS Orr ney re et Derr Oe oe OF OR CEEOL OP LE OW CA CO OF RE OF o c > c e > c o c c o c o c c 
. ewwras - rer ors re mAOT* +: B ~~ ‘@r herve tae ‘* 4 = a . > > * * ° Ld 7 Sd Sd ° 2 
al alt lil aie aa tinea elt ll ied el al Se AS Seis Se ee Eee 
o - PE TOI OIE FR EO eri OE ee 01 8 1G I SE SI © ete c o » - - ~ ~ 2 ~- = c ° ~ 
ma ry ee Pt ee tee) el et el tt eee et tt te et eh lt ed = — - - - - - - - - N _ 
e ro PLiethemsatene ated aleaaalonl seaealdl sistent oleaeaeal nkeaealeal whens aledl a dieaiedl aikaalial oiined bell hel ohlehlcabehnttedl udiadledhed c o o e c * e o o o > e 
e e OFT © Fe 01 © MT) © TL © RUE @ TE OF wT Ores! OS 18 HO OI OTE Ofer mH OBEN OME) ° rs > ° ° rT + * e e . * 
oer en A me RR Oe Be BM Fe ee Sy ee Ren 
o a E = Tetra odl bod ah gil mented puted mies whenheadahbahindenrechichied eanahbadhe *anbbekestl-debhoaheahl cote tetth<- lates aiehindiaat dvdtaheahhn sabiadaieanl - ° c © © © e o - ” 
Nn nN EON VD LT em NTIS PLP a PY OP PRP) PN TIO Ng OE SG IS NG NEY OY GPP ES ON OVEN ONO EN N N =. - - = - N N N 
e U Tiact ted ebeheodvetl-ssetbiceadl skaherhlad. shoheadiadl atadladeshl lad beh eohl- dish unk biih dasheatcedh alates: sada stl suidietlet’ sadietdlid 1 Alahce adi deh lili ro o c e ° o o o e 
+ Set 8 TOT) © SIE @ RN © Detieey © ohenIeN 6 NIN OEE OT) OF 2 II CFO OMAIMEMMMOenn © o e ° * ° * ° ° 
EA AM AM A ei me ee 
~ 2 ernenenenonn Pea lish dhsath chased neha "tahiel chou teddeadighs battled Ladino behliehat fad abel lecad ahh atiliedieetes lading” sadind J ° ° o - “ ” 2 
wT ~ Reena eyes! Leng A ptbot laden fad Ladeedien pulvashgeth- poleadeaht h gedigulgall dovitakied yh balhgateadeh ulaisleade® hentia] n nN Nn a mme Nn N 
e e De) a re PY A OF PITY GI) CRP OF RTI Ch PLE) CRATES OF AMI) CRI OP AY o o s e CL atethente a La ° 
e AAPM © MAP) 6 EM © UT © TAME © TIT OPI © Mate 6 EU) OMT 6 I 6 ie OMIM OE Om 4 . 7 4 erm emems > 4 
” ° ~ ~ ~ fe ad 2° ° n“ 7 2 m “ N - - - N N * > od 
N N N ~ ~ N N N N Nn N N N N N N N N ~ ~ ~ NN N 
e eo e oe o eo La id e e a oe a La ° e * eo e oe > - e 
+ ° ° e e e * e e 2 ° ° * e e ° ° . ° e o * * 


3333 


21 0921 


#921 0921 +9, 


e921 6921 #921 


i. 
i 


PE TNS 


2 en) OL) OA @ 
eral edod caliet eet 


3 O14 C812 0922 912 0912 F915 OFIK 0916 4918 0919 C919 O219 0920 





. 
” 
c 
e 
= 
dl 
° 
2 
ce 
° 
2? 
eo 
e 
“ 
c 
° 
~ 
o 
° 
= 
Va 
co 
o 
° 
2 
™ 
> 
e 
- 
Nn 
c 
e 


Fe TE 
RL gee 


Fedenhah-selcallnhih ellediuad ta raenhtedee tall 
STON I 
LA © ATT) @ ATTY © ATE @ FY 
Pidet iltea na aid eae Maa) 
eed “selina adel ohn ad chudeetakonl 
et ie 
wh Geen ey 
FOE © ETT) © POTTY AON ITS @ FIR 
~My 


me 


921 ¢@21 0920 
0920 ¢92€ +920 


#920 #920 0919 


Laletl 


PVN BEEN 
POV OVE FP 


orn 


FQ en reer ey 
aah sodlimdlehih apditehedl a eablahendl & pekesdeie’ ond 
RE Cher SIO MEN OO 
7 2 IN COMME OMMMEMINMOS 


- Ane whee 


SL osed eta ad ind ahead ndceheatatanedl Ll 


ell cabbaieds Rak onk inl det 
pat deheedeall salad wal: sbehlaledl|-Ans 





BA UNE OOo SMe TI © © 
ome me Se) ma 


922 6921 0692€ 0919 2919 G18 0917 #936 0996 C916 F917 O917 O17 29916 06918 9919 


SLA A en OS 

FNS @ PI) rT ON eo 
rere, 

FAN QA ering em 

bah gotta Gabel diottaan Sie 


patde een pocket 
Lal 


ame a 


Goel rons anaUTRgoCR 
Do alah ehesheag Reheat sad. cond 
S dataset detitenh aatellt aca 


wrt 
FARE LT Ae PLEO OF 
mm eMmMermn™se © 


orien TUNA 
FV 
Memnmenrnne + 
a ee me 

Pm at om eT Vee 
CR 
AG Te A 
HeM~m emnw 6 + 


SOF IMO Oo 

° MeMimerwmmee 
ma Me) Mme 

CMR mm miming oS 

= Ne een mie 

OM me EE 

4 COMM env ms « 


Tred betl caliediel cabeheteell-aca 
ET omit Oren ane 
ee mene 


ada eich =o 
er eee aN 
SAME MMM e oo 
eFemeemme + 
at] 
omen n ° 
CelbeAeadaad n N 
ener > c ° 
omreia e = 
~— N N 
mm ™N ~ 
mo o ° 
me * > 
-= ™ 
™N ™ 
e oe 
4 > 
~ 
~ 
e 
° 


500 


122 19 NOV 62 OM 


© HOURS 


eROG. 


$00 


122 19 NOW 62 OF 


& HOURS 


erOG. 





OST F390 COT COST COST 6930 6929 6929 2828 0927 0926 6026 6925 0925 0924 0823 0922 6921 0922 

















a <@ 2 Pad Lad Pad Dal ial Dal @ © ~ »~ ia * o ™ Lad ” 
= = = - = = ~- =- - - = = = = - ~ ~~ pd nw 
° e * a e id e e e e oe e e Ld Ld a a e La e 
o ca e e e e e e ° e of e 7 e 7 ca ca e ° ° e e 
” nN ” ~ ~ - 2 ~ ” wi e 2 - id m °o ° © ” ww ” a nt N 
- - - - - - - ~ - t-J ~ e ad 2 ” 2 = r-) nm” 2 nm N 
e e ra e e e o ra a e e e © e e o ra 2 o e e e 
e e e ° e ¢ e ° ca e e f e e e e ry ° e rs rs 
na =e mm ~ —— an 
m N °o - ~ e - e J now 2 sz aom rv sere we nen 2 e » - 
= - - - - - e °o wom = o mm oN O-=— ON mes “ ™ - ™ 
* e o e e e = e ore & e Memm tN Be © NM FS Cy e e o oe 
ry ra e 7 e cd e om nm e ™ oCeruree Menmm eam ¢ om of ° e Py ry ° 
earers cy onal - oer NEN sn Fw oer 
“ ” ™ = ~ ™ ” Rees e NNN NPL ON NO OM ae “ Pe ergs o o - 
- - - a o - - @eereey Oo NEN me = nem fe OF tereey Le natpatontt =) ° - N 
Ld ia ia e e e e rere e Pe FF NINO oe are errr e La 
e e e e e o ° ° eerie of o Metre om oe NNO KN OM on ror omnes e ° e 
Carers cere tere Carers aaa nr mn - 
7 “a t] - nm” a N ~~ & CvereNe n ~- NEN geen ow ow Lal] had ~ ™ nm °o 
- - - oe ° ° = - PD NON CreeNOrnNNaN oO EHNA O MenreEN or on Ledge = ow ° oo] ™ m 
Ld ° e e eo e e ra e erro e NN F MMO wo on omen e cvEncere @ e e e 
. e * rT e ea e OIE ORICETY © FOTN © HETERO FETEEY © FETE © Ne © REN © CarerNe "me mer wwe MON ¢ ° e ra 
foe ech ahah Mn) N cal Carers cats 
~ - =, ~ ™ ~ LJ << o ™ ANE NEE EIEIO TEEN OI INE EEN w ane =NONE nm "—2 Nn e o 
- - - - - ° range o o Ne DAMAD NANDA eee? NNO CANN ~ ™ 
i e e e e e CrinnennN & a eR Cece: 1 NH: < i EN e me ce e 
° e e ° o o BONN © Carurs > © IS © FEN 6 Carty © Carers © OEY © AETEES © CHIEN © ROTEL OREO © RETIN © NEY + EN eNO IN @ feINey Or eo me e e ° 
eta dibvchans ney ears Caren CEnins NN Carers CeO MENS BENE nN Carers ne 
~ - e 2 e = = NINN OOO DOT OG a 2 N nN MAI © Carn Carre S: La INCI CONN 2 Merne 2 Ld a 
- - tJ ° ° bd bd NINE II CONE © CURE ~~ ~ Ld ~- » ~ a OEE YN DIN EN De Y e TOP IE IS - eer om - - - 
ta ta e e e e PNR EDN OREN OHO III DONO J  -] e ec o o RONAN MDM oe e ° e oe e e 
e ° ° o e o o ONAN ORIEN ITN OfarerI OOH + ° e rs o e e SA OEUINNEN @ BVINEN OONEY OOTY © ORIEN © REN © Carers & rs 4 o e o ° 
ferneey ~ ia RYN RAI CIE BIE fu 
~ Nn o so ww nm mn“ Lal | ea ah oh pdeh aboiibca | <= - 2 - 2 ec ™ ET tal ab ab ad emt Lib Lael ade Uh Lint hob pak ih bivaieab bia hacia ade a cd - ™ s ~ e 
- - - 2 g 2 2 Least gh phahentan od - 2 2 <e ° 2 2 ~ RR OINNIAINEINE NINO ANNE NEN | = - = - -~ - - 
ta ta e e LJ o o < o o Ld o = DB NNER SOND NINO EN e oe ~ 4 e e a 
e e o e o e e e Py @ ferety @ teretne e o rS e ry * e e e e LO UTEN © EVENTS © CET EN © CETNEN © FOTNEN © IN ° ° e ° ° ° e e 
Aa ne ly ada EE OUI BOINON RON ferry 
-” ™ - “ e Land SRNNENMNNDN = ~ oad ” “ Cad ~ ° a] a - erern: - s 2 2 a ~ © 
- - - ° LILA wh4-tbdyehythuhtipheds che calve’crh -- ahaa’ 2 DE mm meme ft wa 2 7 ~ [La dn \acahetah baghehehbaghakhs ah erhlm ° 3° - - - - 
ia La a e e | sd obobtrphaldbdr shake teahehah ol o ec SC Ort =" & eo - © Oe o o o o N@ererw e e e e a e a a 
« ° ° ° ° © IE COTIEN Ofer EN © Carans @DerNEN © ry ei od Lan cpank hanasant cntentet bamatant hamant amen ead e e ry ° © IN © ATEN © KeTEE + ENEWIN © . e e e . e ° « e 
Ne Carers eNO fereey ty cer eee ee fee ee eee Re eee en on Me 
a ” - - o Oa - o 2 OO Ot Oh en Fae od ™ ~ Cab heghehoht-On oh eat am 8 * ” o ” *@ ~ o e 
- - - - - ° Oo NINE ENN OO ~ 2 DR Nn re FE 8 2 J FO Jee eee 2 2 ~~ Be ON DERN OU OF ON So °o °o o - - - - - 
e e e a e e e = = ee 0 0 0 8 OO oO e 2 L abohohl on & e e > ° e e e e 
o o e o o cf © NtVe Carers CrrersonnN © o CO Be 6 FEE FR 6 RE ORR 8 RRR ORR be eee 6 ° ry © EY Orecury + fyrweN OnerieN © e ° > o > ° e e 
Oarers fee fereeN ty —_— Tr ee wee enw eR Ren eR Ree Ree RE KEK CMa a a 
a mn ™ La ° 2 Lad ORIN Carers mre e “ fens Nie ee © ee Deen Rene ane ® fee 2 Qe ae see Oe = a ° Oe MnyNCY C= aad e ~ “ ~ = Ld 
- - - - ° f=) Lashoh mh aheke—dhbeekent e 2 ee ee Pe ea nm nm” i ee 9 et 2 p PMN OMY NE EN OO °o ° - - - i= Vass 
e e e e o e o LS aetahahabaed = SG er Or 0 One 2-8 2 o ) 5 PORK One or--o 2 © 2 NINO & o e o e e o o 
7 e e e e ra Wenmrs eaecn, e e 0 OER ORK ORK K ZF OK EKKem 66 cf e * * PT enlanth Laehetent Lambanentind and of > ° INN ONY Oering OLIN O e rs ° e e 7 e 
ae eee eee eee eee eee Re ne NES in 
~ 2 . ~ °o 2 ~™ Cn eRrN rrnin ny “ eT ed aignanhanl dmmenmand ~——2 ~ Nn a o Nn oa ee Pee em On or - UE NIRINEE A IR Re err = ~ °o nm 2 © o 
- = - - - o 2 Per yrs gee eR ge K gen N N - - Ns N 4 lille aueeamtietthendt emia doiied 2 & MVONNnarrne o °o = - Cad - - 
oe Ld eo a La e a -l—— oo 2 os 2 * o © < = OD ---O-=--O-=— © o ~ we a e e e id * La 
e ° e e e 7 © Carers © Carers © POI 7 Cd Lenn amauta bamemen heme e e 7 ee*nnneon e e 7 err Ker nK eK erm e e ONIN © BUtEY Oty ry o e a e e a 
fore CereeN oe wee ee eee eee So. ooo © ae ieee eae ean 
2 Lal Lad - . | qulinasthant -lpsntialticass » altiaicmty- pitied > d =- POCO -oo Doc o 3° © Ca pelea en emanated entail ~~ 2 NNT e ad e bed 2 = i] 
- - - - L-J GOORIN Kena ym sae ae Fe ay oe ” N -“OOgCte DOfOeCcoToo Ce! N ter = Bee ° Pe NEE et enter ® o J =- = = = 
e ° oe a * e e nk OO - -0--- 8 -o- © C2OOCOOCo OfoolOfocrtt fo ©00ce o Onn $n oO -- o © DD NON NN ONNNe > o e oe e e 
o o o o ° o . SNMENEY © FeTEN © FECL e (on 6ee 6 6 6 ° ¢OOD +208 COO COOL *DOoe Se eed ry co Stee em K 6 ° e © CeNCN © Carune + ° . . ° ° o 
Pena BAe) —— eee ee See O0e two ©2080 cee OOC £40 Off OW ee eee NN NIN ony 
ra <2. °o ~~ - - ~ n“” OMT ee ee er re o ove ~ N FOF LCCOVOWVON e cette Aeatetatittettand eeeantl al 2 - tN tod ~ - “ oe e 
- g N - - - o o NE NINN Ie Oe eR eee ae ™ @G@otceorcoe « o e © G80 20c000on-f - Wee see Knee Rn 2 ~ MOVANE EIN OC o - a - - 
° ° ° td e - ina O88 2 - b= O2-=— @ ~ ~ ~ -OOCOgoL.ooeoe © S --O-—-Oo---o © = on ie e e ra e e 
a e ° e e o AL Sak ek kasha kd ee ey fae fae Ld ry *ONOeoone e ° ° OOD + OOS +205 6 ee eee Seer fo ° * ONY CORON SO ° rd ° ° o 
mn ww NN Carers —_ 8387 ee RK eee = Sec oo © o©eo2 «40 © rr Ser = NN earn 
b ¢ °o an C- nN ° Dal — ere furetVe Nite nN Coke —aelenkentonmemient giemeentond hl Soeove-o ° “i ” -” = MEOoorece eon os Pere om Nye om fom om ee a Pal ™ fw 2 +s m ~ a 
Lal wm = - - So Oo NNO KIN eC ~ ee le Fem mM ™ B2eoener iv Lad = a o oe gernanoz0 — N eZee Kher 2 ~ NOVNNON o Ls Ce = 
° o orm © e e e o ND e One He OK HHO eo OOO OOor ~ ~ ~ - ~ & -Vorooces oc —©---8---o- © © aw NEN e e o e e 
e o orm" e e ° ° OI © ety © rere e PY chatted embanh adh ames meni *@2Oeon « + o e r * e eDOD FOOL +O e Cetentent Senteen tend « > eNNNONN © e ° e e 
were ee NE Carers eR eRe eee OHO oo ©o fe ceo —— NNR new 
* omrwngenot - ° Cal PRNIOON 2 EOIN BINS e Qe Pee errr ee fl °o c ° FI wel tanith act-nd sak od a tl ° N Pad Soa HmmDODHo [Uist ont ostent extent “Lemans” Ad al NANTON » - 2 e 
S Co catyataalaeed Led - 4 o FINE Coneew: ca — eel N o-neoor os <2 | ied eden eeleet had es e CJ eOonceiea-— ~ oat eamieent and, heemeattiee tl 2° ~ Nwveo e t-] = = - 
orn © e e e = oe er ®— eocoo ~ el ee eS ee ~ ~ ~ ecorce © -©---6o---8- os 2 ar) a e a 
e o o e e ° ° OATES COMO OHNO ry Lda Sempentat hameielant @¢ Bo*&o ¢ e OR ORR ORR OPP OE © e o ° 4O0nDeD e emer tem— «+ ry meres e . e ° 
~~ se eee eee Re ad at al eran adiled Salad eon #o arr eee 
om ~ mn ad 8 ww ™ COIN Hm ONNINCIES nn 2 ace © COO o Co ke ORR OE oR OR ORE pm “ - gececem 2 eRe Kee Kn Oa’ Leal nn ta 
- ° ° o ° oO NANNING oF 3 Were ge— -2on © ee nindaladadadcsmdededcsanad ak tidak eamadanalinanaadadaieniadiatatad © fn o- NN See R se KeR—m 2 o - - 
e . e e * e > neni we © © —e--o- © cmOLor x ee i adeipiaandaipatnad al giaand pi aand ad pd aged edged babe aded ainda aati a ROLeOODO © o---0—-o- 1 © e > a 
° o o e « ° © Reh © fEreEN © CyTeeN ry ° —senm-we ry eenowe e OPaPe pe OPP Pe O Pah Pe © Pah Pe OF-P-Pe © Pe Pah © Pate @ hal © Pa Pe OP PP © eamwoeow eo oa — one ° e 
nee i“ ——— me oo «of Lodi csenancli eepsad act etc el ant tet aaa nat nd eal ote a “en, al eae el ond ea a ad ead BO ooo Se ee ee 
na = a = J NNO eretiegmD o 4 er Omer » oOo000a - CC RPO Oe ree - Pe OPP Pa Re Re Pe PP ET IE PR OE =O ovreso- Ls ant eemmeeatieees neuen and od ™ ag 
- - - aw fee ge mn) - a wn PPh Op Oh one Pee mh Om OQLO— QC —20-- - = 
¢ * ° o a g g 3 3 e an = asses” fe ERER SEER é& ~ ay [smarts Se MERESERESEREREEEE AO OOO = FA e . 
om e ed ca ¢ © oe NN ered ofurerse 7 e errr eneK--— e *ooce e Orr ter + cd e ry ORE OFF Orr Oh © oer or ¢ €©eom «+ ——— KK O- e e 
cathe] aren eee eRe = Ono a ee Pe ~~ ee eS 200 ——— == 
eww ° a ~ Leb dahaht-byobch t_theae ied “ O Rtn eK RK Ree - co my N | FORE oO 2° ° ~ wn VA pe Be Be Be OP “ ° cl adladent-4 Mee®Do eo -—-9°°°oa-— °o © 
Prenrerneenerancy ™ - ° COENEN ° 0 RRR K enon N ©©020 & Ll lat alent aden dl 2 2 2 2 GAPS Pe OPS Pe = Gee Peary 2 # Salemi coco nx - - 
t Sehcallenth abihethenth auvhathgal) al La e 2 © thea ent sepehenioant-‘samlemiend "2 COHLOoo® ~ tO at atoe-en-ndanoal ~ i me ~ lent lade enlael ented aedoed Loa Be oad -Octoo o e Val 
rT sasleoth delenloath dahethest hd S e CNN © Carer oN ° ° Keer een «¢ *2Ooe e ohhh Orem © ° e ° ° oc eh OR Oh ePh oe * ° ehh © OOOOT ¢ eek See) o NM Hee ° ° 
Ween Were eran AIA EN eee ewe = oon hh he a oo PP © om ——— ae NN ANN 
oo PO TS e 2 Prec iter ° - sere Eee ORK N © cor nm aera © -” ° enoto- N orrrorr Oo ooo | Abd ededal NOVas NN ewww on “st ~ <2 
2 awareness o ORIN NO ~ 0 ewe gee “™ BSOoCcoOeo © Peer Oem n ww CNOoVomoocom 2 ewe nm Motonnconece  HPG eM we Lad sneer <2 NOTIN i-J ee 
e Cremorne * e NECN we @ ORK Kw & Wee me te ee eed a od » ~ Pb VOOR OUR ~ ~ Loy dp dy ipde dp by Lede > leaded ewe oc §—e-FK—Oo-— © NONNO e La 
o omen + o o SUI ODER © o ry eum hamantant hammond +2OOen o hE ORE ORE © o « POVH*OOC+OH « e o +OOOCOCHO*OOCS lad *ODO+O e ee ° ore © e ° 
aren ahah Mike tead ~—s eee ee 2 © wadilelecetelaatllaed coo 200 OVS 2 ooo ooo tales co « ——— = nereen 
ones Seren ~ an 7 NONE 4 oS o---0o- © POOLE 2 Pee Pe Pm eee Cite hehe Oe © POQC ZOCO FT OCOr ~ 2 eo-e0 & - wo Rr © GOeEe mM Ft mel pee Sona 2 
Cerrar OS o o °o Ne Carers Fete 2 DN om Fm om oe ™ Goce © o ee Pe he Pe Pe Pe he ne he ED Pe Pe Pe Pe wn OWMODONCOON a MVOCONGO O o 80 2 Onn tw Hwee oS nnn? ° a 
 ntinteted o e oe oe io © §—O——-o---5 © ©&f&0%o ~- i= Pebe Path Pe Pe eRe eee Pe Pepat beh PPh OR OOO OOOO ROCORO PF ~ ROO hr mom oe © --o---o ONNNON OF e 
orem > ° ° ° o © Aran © Caren © ry eS ees Doe ee ° SOR ORE ORR © oc Ph on ° DQeQovensoood « eOnve ° « eO@0e pre *OOwe oc wre t Correa © e 
ay aren Carers eee oe ©2eoe0 & Ee led cf COS COS G00 eo ofo mmo. oe ~ cao ~ ae nee 
~ <= La] - Nn Ld t  aetghh dhe babnde = 2 ~ 2 RROP RE INm Oo ° N Peepah be o-c0cm Secor ooomecco O OVNI oan ema eocon ~ -——-—— © srerey ™ bate 
- ° o - - ° @ --—2 20©o0o0o ~ | aot act ad ad el tenses eed en -~ ° C  eaendl LAO DOr So 2t—c0SoNO 2° DPV DY on ~~ © oo- Nn gar NNO Oo - 
e e a e La e e = Se maLun + Poe Pee Pe Bee Poe Be Ph Dre oe Poe ow © coorcoo L adapad ooo - ~ elo Oo rn re OV so pe Pb OCHO o o-=--© NNeOTE Sg 
o ° o e o o SRSA omens o e Ohm Of Pam OP oh *OUG+Onne ohhh oe COOe + rs oe O04 e oh © O60 ¢ ey emai FNM OMRON o 
rns oo = lot ales tiles enctlll ccenad ©o0 coo Pm 2° 7] -—— = arene 
ral aw © ° ° - =r O- FRR OREM = G2 OOCODDGOD FER C70 © YH © 2 a oa ed arom ~v eee Me NINN ™ 
bf Nn \ aerenarnererns ad ho Fam Nn -_ oer one @ © oo-e salt dead aaah one Or aD Ld 4 2z hE @ona ~ Aafia atteamh, Agieed ~ - 
LM, iinios] calesioalardelatattd e o-—-e 2 | ant oak anpeed an add aarti ad ep ene Sono COO med eine oF Oren ° 2 oom RE © oreo 2 NIN e 
OE) OE 6 EE Ora} oe meres e CRE ORE CREE ORE 6 OD *DODDeoO errr e ove OE 6 ET OTN Om} ° o emmme OSe HHO *Onoe Ca ted ce Nore S ° 
Py Fa ee a --- 8F3.. I< | ale Eee tee ese = Pins thet? aft roy co > ooo —_— =— NNN 
Se ee a evs = cath” gutta >-1 = Pe be ae abe hohe HP PO iad had WOOCOO N N 2 Dade al 2c -o aeove 2 Sere al RONAN - 
pe Laheatesh hehe ahentheabonbedighccatoh’ 2 “hee mm —n°or Oe ee i eh OrRe> OE =-©0Oo-o < ° ral mmo oo hee erro a eae 2 NOMAD - 
D eicalesth aahcalgsth Oabeatetihee oc -g-— © oOo LS arnladpitdetiio’ oe eh ~ SOVOCODTODO® 2 2 ° No oo PP RODOO © -"-8-— © NANA e 
OOM © Mn 6 Per e¢ meenmer 6 ene « hp op e e or Oo ¢©OO* Ooo *o® ° 7 e He ee or *eoooae e@ meee © Nerrne > 
en ee ere — —— 2 «cf eh | ©oo ocfo & al 2 ~ ‘© -——- = NNN 
abated p= dahvahgatamanhanhl ok 8 OO TF Re ” oe REE GF OOS--COLOO 2. ~ ° we =6oO ~~ Pitt) 2 aewwe— FF aATRNE® o 
a rere ara PRE ONN OCI ~~ —2- NN g@©0Ho oS horn 2 2 Pale an-neeal SOC owovlocoH 4 2 4 ree - oo eL2oco- nav © NINN? - 
E dislvatetie daleatetied e ® eon EP ~ ~ ~ _ er ano <2 2 2. bd oe — -OOon o --—G-- © nerera e 
om Cr © CNN NN & =m Om *onae onnm © ° o e e ~o ©*OoOo+oowve e e ° > eeg or * OOo e¢ wnrern © wennenne . 
we ee aod — = ooo Ledeen ~ Coo con <2 -~ FOO —_— — ww nines 
enrtmen = ” a -—-2- econo oth O e eoc any oe “oo ~ 2 oo wR HN OOS neem CO NANO ° 
CS alata ot - - Ne oer 3 ——-<_ Voor ere m #omoeonm s ae oo ea = ca mo or FLOO— ny eee Log oe - 
omewre e e neers -—=@ ooon oe et sot el ~ oo ~~ ee ~ | a ot ded <° eo eh Fe @ --oe- © ive oe 
omeme e « mon ome eGnm ¢ ~om e eEGOCOSHGOCES ¢ one 6 ca ore OSe wwe * ceo orn ¢O00¢ oe meee ° Ne teeveve r 
men wm = 2 | a-adlhanl oe ef Ceo Lol a edaaund ew ~ [oo -—- =— me rete 
Qrarmen * BONS ae bf Tet he ve@e 2 RPE SS Cersacsoroo oc hh ad a enw o- eooae -—o ~ NON °o 
eee er nnn oe ern Detaled 28 6 hh MODSNOCOG= GOONS SOOO OM EEE OREO MOD GEN Maza" ™ on ae Poon aad t nen Led NENWAe - 
Pee wera anne ooo | oes toes eed L net CO Or CO OOF COO CSO lelededbdaetleneiad o o- ad -Ovon o-=--o- «< oe 
OE) 6 ET 6 men} ermyrme on ¢ orm -¢ Zee onrre PHOCESSOSe CPS GCGO*O0H+ CD a ad el a e oe or ewo@me tS rf we Carers © e 
a Sa er Lal gad ~~ ee 2e lL eemtenl Go Oo ec 800 oo bh ” 2 °@ ~~ > cow --—— Nee Ne 
L ltigal ptlnatinat amttchenh A Lepteigatantesd ML aad a st £ae oon NGOCODOCOCOOS OF ” © soo Ladatd - 38 a on ~or secre © reve ° 
etter a6 zz "A Senne 2 = 2 "Oo oP 2 - ONNS Oy a al c/> off ™ of Conant F pated he NDNA = 
errno e wren ow © < oe co asad Be o3f 2 on Land SOO oDo Qt H=n ow Lal e 
Ohm eMmrmm o oe mme on e ry ¢ —-* og one © ° oan o oe pee emo ¢ ern @ oe MM ONNNS e 
re ramen wre uN -=- © a 32 200) he © DO - --- AA AE 
Lndutgalasthetdgalgnhetand em pee e Lemp headvehebied vie co =-—-e «© - ont > Ohm oreo ££ =H REK Oo ONNNOnINE e 
Breer nr ONE 2 NOOR Vo boa el one 2 on ° Aw * A eel eel da o-o -“~ ee © DANN WAND ° 
L diatintntila qpalvatinthts qubsthetle aban tn ateinah aint SNe nrINennN B= OO er he -~ ~ conf ° -— — OOD o --eo-- ©€ DANHONANS ta 
or art 6 Er 6 rene © AD SING Cater OOH + on oe ef hr ¢ ee e onz e ore ¢ Den * —ere- « SIE OOVEVN® o 
Fae rare een an ENN CEN ~  — Lenciee 3 a2 2 2 - ©8@ = mens 
pa enhance gatig.” aathaagateal N NITE 6 6 mee ON fe FEO PE - mh eee #o8 Lae evens Facial eed f aNNrennn vi ° 
Lance tapabthombantelytantaeday| = ™ 22 ae NT Oe OR A 0O- PLL PPPS LAN e727 Ped FaQaaze Pr 8 ODODN ~~ ° = 
oe Tal gid rn @e- 200 eer o~ AOA iy. Y aon 2 ~P ore e oe e 
o ° oe MMe 6m eo © HPO Oe Pew eewwiewmenn ys e ae2 ° teed eOUOe ome e MONI OCIN 6 ° 
~~ ™ ce ~~ ° Bal as ad © oo = ™ 
© rn mM me SOfeh §-O CON Here enorme be SS C©©8oD pe ane © eS neve Nee ~ ~ 
a Ww Ne mee wco- oO oo ale ~ o oo-« Meer © Re MNO NIAID TY ° - 
e e ee @ --© © 220 ef 2 MMoOvW OO Oita evi Ova ° lnoon o-oo © SNNAEIVNNDN Oo o 
e e ne uw omm 6 ry eo e of mmem e ° ° SMMC Mm > *O0loe e——— oe ° OMEN ONIN rs e 
Latent BOL aie) a e 4 al ret ©oo eee: Nee Pere 
ra NN RR eee OOD on wr @ wn o- coo itm & ~ NNN rere e 2 
bat a wn ~ -2 fer Sen & oN mmew ~~ < RP OP PRP DP @Qj-oo me oe ~ NOANNO NANO °o = 
emmrme mer ee OF AO PK eR@——EHEK © -© OF OF HN OO rs POM RON OU WROD DYWWTOU I OMIM DY Pee & C8080 G&G —EF= © &  NONANNONAND o o 
OEE) © EE) 6 en © PE © eo MMe NN ee ores e nm of OF Miewanne ° STI © TIT & TIT © THE © ETI © RK © WT OUT © TE OT *+OOooe e¢ eer e oe NN OCU eee e e 
ren werner wee NN oe ee re te o fF © Arn Rae heal ouw —— = NN Nee NNN 
- RFE EM AOE MINE Geet wr ong "9 © he oo Lod rw a AT SF RL POP SHS UST FI Fe a Dooa= Nem oO o PEIINRINNRNONN oF © = 
Lal EEC OMT Fe ec orem NN we RE C2G00R —w » nm Virwen oO ~ QNNNENANTNN O so - 
° Cen Perea — Fa a enn EM? & & OFF COCR OS Emm © o -@e-- © ©  NOwNnnONnAwoNN > oe > 
e OFT 0 ETT © ET OTE Om OMNIS NS OMe Me OD oF e « ofe mme 2 YN OLN OU RINT OPN OM Om © ce ——er=— © o NN OC OCINNe e e ° 
Lar gal gadget geil al pal ga arene Mee = ~» i] e lomad | caduaed < ~- Ca te hen Alladin, ae bai Sin AD toed --—— = NNN ANN 
- Lael NRO eB NN oo er mn N © 8 BEE Beh hE < mee wn & © SINT IN RAINY Lod oe ” 
a“ na spalestonhesdeateatenherheatgaheahet ) - nN - Ve NN OO Ghee -- ne ne OVA OVW OM -=—=—~ be nl -ahahohb-abtephcshebtbbedadt °o - = 
e ° Pampa & t etala MEN =-DOoO - 202200 neo ow -O-—- © © NNONNNONNNDNINEND e e e 
o o ORTH © BET @ TER Oar o erm e ° Mem —eDm « © ©2© Keg © ET OUT Osan Oe © - er ° SNM OMNI OENAONN © o ¢ e 
A) ee) er 7 om mw =— ©© ce er @ Paley dl EE AK -—— A IN EEN Cen 
- - . adetshetalyh gahersh cule. adherigaht - eubyahet cated OM 2 KK SOOOOD S—— © © SC ROH ARE CALLERS ann NNO RENAN oS] 2 2 
a = paper lgctcicai alates deal 2 pie -~—- n~peoacw ——e “<2 G@mnm oc OVW NM PROMISE PR Ow Cnn Oenfae =r Pe Qe AMMOR CINE ENE NINE o - = - 
Latsadeahe mallee gh sehgilegtih abahathent! rw =— ecrnr oe Pe! PY OP RIL PPP ad e INSET e ° e e 
t bg OE Omen oe © TES a omnve = © =F @e i cy OPN OPW © 7 e ° INE} KREIES ORIN © DED IEN © TICES © o ° e 7 
ere ren een * CC —— me e P e Te CON 
ad tod La sahgthgahgtlinatintdiantl bacilli Pee he eee eo 206 ° ”“ m Cocoon RIN OMEN ONININ Goatvny? Meher 2 = N “” 
au mt SIRT n im erent) CO NN me P @gme seo m MOVOFOOCOFZOCOANCO © alae © DANN PMN NON I NNN Oo 9 = bi claedetligt) 
e ta PANS yn Ld  scatgnente ay sel) © caw oa OOF ed | and RECOM OS OF OO Or COOK GOOF ~ Pate Peo GO2Oooo © -©o--—-© © NGONIN NOTION NOOR ION > Va e orem 
° e oP oF mE oI ere CH oe oon O-+ 00 mre ¢ & C0002 COC+E ° ° ° Cy ad tebatied ¢ ©02+m0 ° eo meme 6 ONIN ONIN @ Ninety © Carery © Carers & e e ° ak Sotesea Soles’ 
orwernien man oe On NNN ow ~ Doo | aaa o ¢ ee coo © -—— = AINA AINE NR Niet eter _» mere 
- Nn TE IOI Ob TON CR mn wn 2 Ms 202 OFF hw ” cad 2 CS Miletes—ltdamened MOO Cw) oOo -e4---o BNI NNISIONNINGORTRNINNOIN t aad 2 ° Omran 
al ” EI = ONDIN en MON AO EERE ANOO -- MO RP ° OER OREE SEER OPH OD =—OnDOwWwo aoe DA NNE NNN ONAN NONNAONN O = 2° ° = Co athaletp hd 
° e ON PEE SEE Eo e eam o CN BO RRR DO ROR RK OD RR RE RRR ERE EERE © ooncozre © —a--5 DB NONNIINIINON OOo > o o e ° mmo 
e o SPE © RATE @ FE @ I & ey own * oN 0® of @e+-—- ¢ Hel oF Phono o ° ° *@MODeOo + eo wrerm—re © ES © ICY © CEI © OEY © o o e e o > om + 
Lalethei ei ilaaleat tial tladd mn Ne e - an = o hE ©n Doo — = NEN CN Cuca 
- ~ | Agatnhentjelethnthenamalaahrhd “belt OB Ag ro me Kp OD tJ re an 2 © Oerer VDOoOMNO €O-= @eronoon J -——-Oo-—--o& o MONEE INMING 2 bal 4 ~ - ™ b 3 2 bated - 
bad ” (arena or eriaren arr onen ear ann Renard 2 ren we KFaAnN Nan Oo e o © OOOMOOOVOGSGSVOO wy Lal am ON ~ ONIN G CIOS ° ° r=] ° - - o - nN 
e e PR GT I Pe GN emmen © ©- ON FAN © DE one © ©fcece>: © On @“O-—-5 DB ND NNN Of > o e e o a a e > e e 
e e SPM 6 eh © EE @ ME OM} eo mmem o om Ne mem ¢ @e een r ° * e Py eat hate) ° SENT © Fer wEN © Cre © e ° ° ° ° e e e e e ° 
ere) Were am ed mw ow © cco - oe - — = “ mee 
- nu  statslnad ehgueathadaheihivdedk od-otetloA is) OREN FERRE By Om NM 0 DODO ee Meee gemme Fe ee) NNN? 2 eH © ca © ~ 2° 2 val n ™ 2 wn Nn 
ay mn NA AT OEE ap SMM © MON MO CVD Wee © Ree OF mR Ome ee © © VNSTANNN ENON oO ° ° ° ° ° ° ~- nN “ - - nN 
e * SRA TE mre OF SOAP NO wo mommne uM O- © o- = = -o---o © © ANNAN NNO e > e o o o oe > owen © . o e 
° 7 em emmmnerrmneryrn «© eM e Nee Meme Ww e=— ° -@e one . e eo fate ONIN OfNTINN Orme e e e e e e e e e Memryene + ° 
ere een aren oneren (ee er _ cal = eo N NAN NINN IN -m meren 
- nN Lt call ache pth eathattiah, Aasheleeld., "1 a @ One NR NO Bree Om BN ete ON NINE SEED I OHIO N nm 2 bat - ° = 4 = Perverwen> nm ™ 
” ” diced dieden] - memes ON eee oF NM © — NPC ° - - - =- - - - - ° ° ‘Aletepedead “ ™ 
e e PMA FM Oe eNO oreo a On Fee fe -a2 mann oe PEE CORO ERNIE IIE ON e al - e Ld - e a e ec o a enrwne e e 
e ° OP 6 TE OO OFA OA ON OME SOM eMmmae cum + o NN en e ONY O ONIN ® DetetY © e e > > ° o e e ° o o e omnes e e 
eee Re oN Nan 
- sn sal eheonbeanhnd udheafhg Ach uadsba crak aah atin dadhpashonsh i -duchephenl bed aol adhi dash tekcadhl ANN OO - Nee ~ o o ° o « ° 2 - - “ © ren w n “ 
al Cth enh ed ad choah eed ITE ET Me NOME | ov ww - ° - = - - ~ = - - - - - - NNN OO n “ 
o La F dodeslenfil mad lahat abeheh esd ataienfiath “abaheaiesdh antisite med of ath dusktsladl a Pee? a e a ce e e > > ° 4 ce e a ba a MND > a Ld 
.7 ry eM eM mm © OTE © Mm © OTE © OTE © Mmmm eMmmm.s cf cf emmme cf cf « .7 of . . 7 4 4 e 5 ° 5 ° uN Omm 4 2 e 
eee ee ee rer, mae Ae Mm Mme ~~ 
R - Peetedietatsadvedeetesit Cedtalant teatestsadgart faietenatlattaaly OUND en OM — 2g FN a TE a BT Oe EN ~~ ra. n 8 2 a oa) 3 2 ow] 
n” Oren heer i ahet nd teks edt ade obldnal od ON = _ = OE) wn 
e e [ padledcedl gialcel etl geet lett gatemtlall seb stheghl gulcil esd shaliadeedl dedled beh Sekbehiath Galihehh eahtalial | aehesheath a o RA ee er re CI a e ia > ca  iuded Aehedlath-a e a a 
e o © FTE © TER © PFET on © FFT © OETA © ST IETAR © OETA © FFLETIEN @ ATE © I & FEI] © FT © FA © EEE) @ A © PETE © RENE OTT) OT) © ° ° rd e + ON @ er oer) e e e 
en EN Aa Aa ean aire een an FA PAE PA an Man een ee en mene enerery 
nm” Lal er men mn steph nt indents ssdeashadandaligedl d sf ahettiembed] a - - - °o La oc o[re- z ~ bad 
e oe ro cod eath sh al nth ch colnlends dtodenheaiha seed epheaht ated adn lhe adlciakedeati od adeedlcecsl tedaadl ocd ad adi sallaheadcsurk adkedl aust add “audedeedi alot iahetl “sediadied ical o > ° a e vow e mom > a ° 
cf e SET) © PTI © ITT © FET © FV © LEFT @ HEED © EEN © FE) © FETE © EEE OHI © UT EO MII EMM SG MIM Gene © ° e e e . VON mem e e e 
Pe eran Perak Masao Rado at MN kk et cot ot lt el nnd Bl nk aol a at a a kod on) CR) 
e e EN OE NE OIE ET I UL OPTI BI fm ON IY SF I A TI PEAT PO Or) IS ~ # o J - o Nera 2 °o “~ 
~ ~ CE ET le ee ae et et th ET At Ee I Ne FE ee) - - - - - - Nt owe yg mn ~ 
> o PL desdbetl ud dedl oink td odl-moheah etl dekh etl ebiadedl- aliaheatl aalgabedl ded odlall ediadestl Saliadedl-dadiehedl Aadled edi pediedbetl- sed ra e o > e o ° ENN & > e 
e e OPA © EMER © SEE © EE Ta @ FLEET) © HITE © PETE & PETIA © OTE © FETE & FETE © Er @ PETE @ e e ° e ° e o ONO ENN © ° . 
Fe eee PO Ie mene man eI mine I mene merers meen 
~- Land Pe I) FP PE) FE OMT OF EDI Pe FA) or) PE mE OF o > ble e = Maren sen FN = bt 
ow ~ LENE IOS ETT Oy 1b sinha bh salhledined ih tdidilinh i oie ahha al - - - o .=J NOOR 2mm Ne ° n~ 
oe o tek aletl aul al oAl cubated l caked onl ‘cask edeodl ‘enrtead baht Aahghdesh caheadleAlcebalatdahl dull eal dahediedl aeteshent dale al o ° o o o Srmmntmmmo © e o 
° e SPE OIE © FT © EET) OIE OF © EI) © FH 6 EI > I OMI OMS o ° ° ° + omni 6 TEMS ° rs ° 
aed tties led ol) Dacaiadd Cte eet Nek tal a and usted Riad ada atl "oer 
4] “a F  nohsatlead b-coéalogl ad tebad-onhvah tetedontendpavahegttond bn coliudiaht.atdeat ate, dntheadgthl Lol aleahentled cnlethed LelatenhertlellnL =) ° ° al ~- eo mm © ” e 2 
™ ™ ~ ~ ~ - - mn w a ~ 
ia e PMN EMM SF OE ORM Fn OR ah Eman NE Pa Fan rer ere oP e e ? e > mem c e e > 
o ° SP OP 6 FE © TE OEM) Oa ONE 6 EME 6 Fh & MA & en Or & orm ¢ e oa oe renem e ° e e 
mm 2 “ ww 2 2 uw ww ad 2 a n” ~~ N N - - - * ~ n“” 2 a 
™ ~N ~™ ™ ~~ ™ ~~ ~ ™ ~ NN ~ ~ ~ ~ ~ ~_ N ~ ~ ~ ~ ™ 
* e a e e e e e e e e e oe e eo > e > > al e a e 
. e e e e ° 2 e e e e o ° e ° e e e o e ° e 





Figure 























3 























500=-mb planetary-scale height forecast 
for the Northern Hemisphere showing 


features evaluated as computational 
instability. 8-hr forecast from 12Z 


19 November 1962. l-hr increments. 
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Figure 4 2-hr 5SO0-mb planetary-scale height forecast 


for the Northern Hemisphere from 122 19 
November 1962. 30-min increments. 
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iZ-hr 500-mb planetary-scale height-forecast 
errors for the Northern Hemisphere from 
12Z 19 November 1962. 5O0-min increments. 
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Figure 6 


l2-{nr 500-mb planetary-scale height-change 


forecast for the Northern Hemisphere from 
12Z 19 November 1962. 30-min increments. 
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Figure 7 





12-hr 500-mb planetary-scale height-change 


analysis of the Northern Hemisphere from 


12Z 19 November 1962. 
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Figure 8 




































































500-=mb height analysis of the Northern 
Hemisphere after Fourier analysis. 
O0Z 20 November 1962. 
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APPENDIX I 


VERIFICATION OF PERSISTENCE FORECASTS 
FOR SELECTED DAYS OF NOVEMBER 1962 


Pillow is defined as 
x2 43 1977 


= (A-B), 
n=l 


I-1 
x (T-1) 


The root-mean-square error (RMSE) is determined as follows; 





xen 477. rs 
= |(A-8) -P J, 
RMSE = m8) Pe : (1-2) 


In equations (I-l) and (I-2), A and 4, represent the point 

n 
values of the fields being compared. In this example, when preparing 
the data for these tables, the A-field was the analysis at the initial 


time and the B-field was at a subsequent time. 
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Table I. Pillow and RMSE of persistence verifications at 5 levels 


for a 12-hr forecast during November 1962. 


Initial Time Level 

300mb  500mb_ = 700mb_ = 850mb = 1000mb 
12Z 19 22/99 6/74 0/57 -2/50 0/61 
00Z 20 -23/97 -9/68 3/54 2/57 -12/69 
V2Z2, 720 -11/88 -3/71 -3/63 0/66 10/74 
00Z 21 1/96 5/74 4/51 4/45 7/50 
Te 922 4/87 5/61 5/48 7/42 6/50 
12Z 23 0/90 5/76 -6/73 -3/71 5/68 
00Z 24 -5/95 0/65 6/63 5/69 0/74 
12Z 24 -3/97 -4/77 -7/71 -2/70 4/66 


Table II. Pillow and RMSE of persistence verifications at 5 levels 


for a 24-hr forecast during November 1962. 


Initial Time Level 

300mb 500mb- = 700mb_-=— 850mb = 1000mb 
ZZ 19 -1/143 -3/96 2/h7 0/89 -11/106 
00Z 20 -35/122 -13/95 0/92 2/106 -1/116 
12Z 21 -16/135 1/100 7/90 12/94 18/89 
M2Za22 0/122 10/91 14/82 13/83 14/91 
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Table III. Pillow and RMSE of persistence verifications at 5 levels 


for 36, 48, 60 and 72-hr forecasts during November 1962. 


Oe 


Initial Forecast 
Time Interval Level 

300mb S00mb = 700mb_-— 850mb = 1000mb 
NZ Zao 36 -13/159 -6/115 0/116 0/130 0/155 
W2Z 22 36 0/139 5/140 7/134 10/133 20/139 
7274 AUS, 48 -11/188 -1/147 4/137 4/150 6/171 
122, 22 48 -4/144 6/151 14/163 16/174 20/185 
P2Z 22 60 -8/178 1/188 7/203 13/208 24/213 
E2222 72 “17/231 4/223 20/223 21/227 23/233 
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